Introduction
Freshly harvested seed of #1339-1-5, a selection miiade by the late C. H.
MYERS, from Wisconsin Hollander, and various strains of Glory cabbage exhibit a pronounced dormancy and uneven germination, thus extending the breeding cycle from 1 to 2 years. This type of dormancy gradually disappears during several weeks of air-dry storage at room temperature, but by this time it is too late for field planting of seed produced in the greenhouse.
We have been unable to find references in the literature to any type of seed dormancy in Brassica oleracea, but various types of more or less temporary dormancy in other species of Brassica seed have been reported from time to time. KIDD and WEST (1) were able to induce secondary dormancy in the seed of Brassica alba by low partial pressures of carbon dioxide. Later KIDD and WEST (2) found that the seed coats of Brassica alba restricted the gas exchange of the embryo during the early stages of seed maturity, but following maturity the seed coats gradually lost their ability to restrict gas exchange, along with the loss of vital activity of their cells. TAKIGUTI (5) reported that immature rape seed (Brassica napella) germinated readily, but when the embryo reached full development, germination of both intact seed and excised embryos dropped significantly. By the time the seed coat had completely matured the temporary dormancy of the embryo had disappeared, but the seed coats still restricted germination. TOOLE and TOOLE (6) tested samples of seed of Brassica alba, B. juncea, and B. campestris for germination at various lengths of time following harvest and found that the rate of germination increased with the length of the storage period.
A growth-inhibiting substance in new crop mustard seeds has been reported by SHUCK (4 The fresh seeds were sterilized for 15 minutes in calcium hypochlorite (7) . As a control, 50 intact seeds were placed on RANDOLPH and Cox's nutrient agar (3) in 1-ounce screw-cap bottles. The seed coats of a second lot of 50 seeds were slit longitudinally so as to expose the radiele and cotyledons, thereby removing any restrictions to gas exchange. The seed coats were removed entirely from a third lot of 39 seeds and the embryos placed directly on agar. All cultures were placed in the dark at 300 C. Geotropic curva-PLANT PIIYSIOLOGY The practically identical germination of intact seed and seed with exposed radicles and cotyledons suggests strongly that the delay in gerinination is not due to the restriction of gas exchange. The immediate germination of excised embryos suggests that some inhibitor in the seed coats is responsible for the delayed germination of intact seed.
The average rate of growth of the radiele following germination was greatest for the seedlings from which the seed coats had been removed.
EFFECT OF SEED COATS ON THE GERMINATION OF RECENTLY HARVESTED AIR-DRIED CABBAGE SEED
Seeds were removed from the pods anid carefully air dried at room temperature for a few days. An experiment similar to Experiment 1 was repeated with this lot of seed. The results are summarized in table II.
When the percentages of germination of freshly harvested seed (table I) are compared at the end of 2 days with those of recently harvested air-dried seed (table II) , it is seen that the rate of germination of the excised embryos and of seed with slit seed coats is unaffected by drying the seed coat. The rate of germination of intact seed, on the other hand, has been significantly decreased by the drying process. Drying of the seed coats, therefore, appears to induce certain changes in the seed coats which restrict gas exchange, but do not appear to affect the inhibitors in the seed coats.
Restriction of the entry of water by the seed coats, as a possible limlliting factor, is eliminated by the fact that air-dried seeds imbibe their maximum moisture within a few hours after soaking. (table II) . Erosion by sulphuric acid probably killed many of the cells of the seed coat containing the germination inhibitor, and the subsequent leaching in tap water probably reduced markedly the inhibiting substance or substances.
THE EFFECT OF THE WATER-SOLUBLE FRACTION OF ALCOHOLIC EXTRACTS OF SEED COATS ON GERMINATION OF PARTIALLY DORMANT INTACT SEED
The seed coats were removed from partially dormant cabbage seed, ground to a fine powder with fine quartz sand in a mortar, and the powder soaked in a small amount of 95 per cent. alcohol for 24 hours. The alcoholic extract was decanted, centrifuged in an angle-head centrifuge to remove sand and cellular debris, and then the alcohol evaporated at 700 C. A small The seed-coat extract definitely inhibited germination for at least 5 days. The increase in germination percentage of extract-treated seed over that of the controls at the end of 12 days is difficult to explain, but it does at least indicate that the seed-coat extracts are non-toxic.
Practical applications
The practical application of the results of the preceding experiments was achieved by soaking the seed in cold concentrated sulphuric acid (40 C.) for 1 minute and draining on a screen for 1 minute. The seeds were then washed in cold running tap water and then either dried on blotting paper overnight or allowed to soak in an excess of tap water overnight and then allowed to dry on blotting paper for a short time before planting.
An experiment (table V) was designed to investigate the effect of sulphuric acid treatment, immediate drying following treatment, soaking overnight, and the effect of mercuric bichloride (1: 4000) which has customarily been sprinkled on the seed flats to prevent damping off. The seeds were sown in flats on a mixture of sand, peat moss, and soil, and germinated in the greenhouse. Seed from C. H. MYER'S selection #1339-1-5, harvested dur- By means of embryo culture techniques in which intact seed, seed with the seed coats split to allow gas exchange, and completely excised embryos, it was shown that the fresh seed coats inhibited germination other than by restricting gas exchange. Seed coats of freshly harvested air-dried seed, however, may partially restrict gas exchange.
The water-soluble fraction of alcoholic extracts from the seed coats of partially dormant seed, when applied to seed of the same lot retarded germination, thus indicating the presence of a germination inhibitor.
A practical method of breaking this dormant condition consists of soaking the dry seed for 1 minute in cold concentrated sulphuric acid (40 C.), allowing the excess acid to drain for 1 minute, washing thoroughly in cold running tap, water, and then soaking in an excess of tap water for several hours prior to planting. DEPARTMENT 
